Summary. The chemical coding and projections of neurons containing neuropeptide Y (NPY) have been investigated in the myenteric plexus of the guinea-pig small intestine. Chemical coding was determined by investigating the colocalization of NPY immunoreactivity with the immunoreactivities for bombesin (BN), 5-HT, nitric oxide synthase (NOS), and somatostatin. Projections were determined by studying the consequences of nerve lesions created by myectomy and myotomy operations. NPY immunoreactivity was localized in four classes of myenteric neuron, anally projecting interneurons, neurons that projected anally and to the circular muscle, neurons projecting to the longitudinal muscle and in a small population of secretomotor neurons that projected to the mucosa. The interneurons and muscle motor neurons both had Dogiel type I morphology, whereas the secretomotor neurons had fine branching processes. Of the NPY-immunoreactive Dogiel type I neurons, 98% were also immunoreactive for NOS; conversely, 82% of NOS-immunoreactive neurons were immunoreactive for NPY. BN was also colocalized with NPY and NOS; 30% of the NPY-immunoreactive neurons were BN/NOS/NPY-immunoreactive. No nerve cells had BN and NPY immunoreactivity without NOS immunoreactivity.
Summary. The chemical coding and projections of neurons containing neuropeptide Y (NPY) have been investigated in the myenteric plexus of the guinea-pig small intestine. Chemical coding was determined by investigating the colocalization of NPY immunoreactivity with the immunoreactivities for bombesin (BN), 5-HT, nitric oxide synthase (NOS), and somatostatin. Projections were determined by studying the consequences of nerve lesions created by myectomy and myotomy operations. NPY immunoreactivity was localized in four classes of myenteric neuron, anally projecting interneurons, neurons that projected anally and to the circular muscle, neurons projecting to the longitudinal muscle and in a small population of secretomotor neurons that projected to the mucosa. The interneurons and muscle motor neurons both had Dogiel type I morphology, whereas the secretomotor neurons had fine branching processes. Of the NPY-immunoreactive Dogiel type I neurons, 98% were also immunoreactive for NOS; conversely, 82% of NOS-immunoreactive neurons were immunoreactive for NPY. BN was also colocalized with NPY and NOS; 30% of the NPY-immunoreactive neurons were BN/NOS/NPY-immunoreactive. No nerve cells had BN and NPY immunoreactivity without NOS immunoreactivity.
The presence of NPY immunoreactivity was investigated in three classes of descending interneurons that are distinguished by their reactivities for somatostatin, 5-HT and NOS. NPY immunoreactivity was never colocalized with 5-HT or somatostatin, but most NPYimmunoreactive descending interneurons whose terminals formed pericellular baskets were also reactive for BN and NOS. The average projection lengths of the NPY interneurons was 2-3mm, in the anal direction.
Evaluation of immunoreactivity for BN, NOS and NPY revealed three major populations of anally directed circular muscle motor neurons, with BN/NOS/NPY, BN/NOS and NOS/NPY immunoreactivities. Examination of simultaneous labeling after nerve lesions showed that NOS/NPY neurons had short anal projections, averaging about 2-3mm, and neurons with BN immunoreactivity were longer, having average projections of about 5-8mm.
The localization of chemical markers that alone or in combination specify particular subgroups of enteric neurons has been singularly important in unraveling the neuronal circuits within the gut wall (EKBLAD et al., 1991; COSTA et al., 1992; FURNESS et al., 1994 FURNESS et al., , 1995 . In the guinea-pig small intestine, most neurons appear to have been accounted for and nerve circuits for secretomotor and motility controlling reflexes have been established (BORNSTEIN and FURNESS, 1988; FURNESS et al., 1994; FURNESS and BORNSTEIN, 1995) . Four classes of descending interneurons in this region have been defined by their immunoreactivity: 1) cholinergic neurons which are immunoreactive for choline acetyltransferase (ChAT) and somatostatin (SUM), 2) ChAT immunoreactive neurons that contain 5-HT, 3) neurons that are immunoreactive for nitric oxide synthase (NOS), bombesin (BN) and vasoactive intestinal peptide (VIP) and 4) neurons that have ChAT, NOS and VIP immunoreactivity (COSTA et al., 1992) . It is notable that neuropeptide Y (NPY) immunoreactivity has not been included as one of the chemical attributes of these neurons, despite the fact that projection studies indicate that NPY immunoreactivity is contained in some descending interneurons in the guinea-pig small intestine (FURNESS et al., 1983) . It is not known whether NPY immunoreactivity is a feature of one or more of the four identified groups of interneurons, or whether NPY might be in a separate neuronal class. NPY reactivity is also contained in myenteric neurons that supply the circular muscle. From patterns of colocalization of immunoreactivity, it has been deduced that these are short inhibitory motor neurons, most of which project less than about 5mm along the intestine and have the chemical coding NOS/NPY/VIP (FURNESS et al., 1992) . There are also long inhibitory motor neurons which have the chemical code BN/NOS/VIP (CosTA et al., 1992; FURNESS et al., 1992) . Neurons of both groups contain other marker substances; enkephalin, dynorphin, galanin and neurofilament protein immunoreactivities are in some or all of the short neurons and dynorphin and neurofilament protein immunoreactivities are in the long neurons. These additional markers were not investigated in the present study. Although the short and long circular muscle motor neurons have been identified, it is not certain whether these classes might grade into each other, that is, whether there might be neurons of intermediate length that perhaps have both BN and NPY immunoreactivity.
In the present work, we have utilized methods of simultaneous labeling to determine which substances are colocalized with NPY, in combination with lesion studies to detemine the projections of subgroups of NPY-immunoreactive neurons in the small intestine of the guinea-pig.
MATERIALS AND METHODS
In all experiments, adult guinea-pigs of both sexes, 250-450g in weight, were used. Animals were killed by a blow to the back of the head followed by severing the carotid arteries. Tissue was taken from untreated animals and from animals in which myotomy or myectomy operations had been performed.
Myotomy and myectomy operations
Guinea-pigs were anaesthetized with a subcutaneous injection of sodium pentobarbitone (Boehringer Ingelheim, NSW, Australia), 15mg/kg, followed 30min later by an intramuscular injection of fentanyl, 0.1 mg/kg, and fluanisone, 5.0mg/kg (Janssen-Cilag, Sydney, Australia). Animals were opened through a mid-line abdominal incision and part of the ileum was exteriorised. In total, 18 myotomies were performed in 9 animals (FURNESS and CosTA, 1987) . Tissues were taken 3 days (2 animals) and 6 days (7 animals) after the operations. A single myectomy operation was made in each of 4 animals. In each case, two circumferential incisions 5mm apart were made and the longitudinal muscle plus myenteric ganglia were removed from between the incisions. Myectomy tissue was taken after 12 days. After the operation, the ileum was returned to the abdominal cavity and the wound was closed by sutures. Each animal received a 20mg intramuscular injection of Terramycin (Pfizer Agricare, Sydney, Australia), a broad spectrum antibiotic.
Tissue preparation

Wholemounts:
Segments of small intestine from operated and unoperated guinea-pigs were immediately placed in phosphate-buffered saline (PBS; 0.15 M NaCl with 0.01M sodium phosphate buffer, pH 7.2) containing 1uM nicardipine. Segments were opened along the mesenteric border. Tissue for wholemount preparation was stretched and pinned out on balsa wood and fixed overnight in Zamboni's fixative (2 formaldehyde and 0.2% picric acid in 0.1M sodium phosphate buffer, pH 7.0) at 4t. Following fixation, the tissue was cleared in dimethyl sulphoxide (DMSO) (3 x 10min) and rinsed well in PBS. Wholemount preparations of myenteric plexus with longitudinal muscle were dissected from the other layers.
Colchicine treatment:
In order to enhance immunoreactivity of neuropeptides in nerve cell bodies, control tissue was placed in culture medium (DME-F12, from Sigma Corp., St. Louis, MO, USA) containing 100mg/1 colchicine for 48h at 37t and bubbled with a mixture of 95% OZ and 5% CO2 supplemented with filtered room air. Tissue was then put in Zamboni's fixative and processed as described above.
5-HT pre-loading: For the visualization of 5-HT immunoreactive terminals in myenteric ganglia, tissue was pre-loaded with 5-HT before fixation (YOUNG and FURNESS, 1994) . In brief, tissue was placed in the tissue culture medium, which contained the monoamine oxidase inhibitor, pargyline (5 x 10-5M) for 30 min. 5-HT was added to give a final concentration of 10-7M and incubation continued for a further 30min. The tissue was fixed in 4% paraf ormaldehyde in 0.1 M sodium phosphate buffer, pH 7.3, for 90min at 4t and then transferred to 4% paraf ormaldehyde in 0.1 M NaHCO3 buffer, pH 10.3, and left overnight at 4t. The tissue was washed in 50% ethanol (4 x 10min), rinsed well in PBS, and then exposed to 1% borohydride in 0.1M phosphate buffer for 30min.
Cryostat sections: Control tissue was taken from two animals that were perfused with Zamboni's fixative under general anaesthesia. Segments of small intestine were removed and placed in Zamboni's fixative overnight at 4t. Then these tissues were cleared in DMSO (3 x 10min), rinsed well in PBS and immersed in PBS containing 30% sucrose overnight. Sections were taken in both the longitudinal and the transverse axis at 8um. Tissue was also taken from animals after myotomy operations. The segments were removed, pinned flat on balsa board without stretching, fixed in Zamboni's fixative and prepared as described above. Longitudinal sections that included 5mm oral to the myotomy and 20mm on the anal side were taken and thaw-mounted onto 1% gelatin coated microscope slides and air-dried at room temperature for 1h. Preparations for cell counts: Fresh segments of small intestine 5cm in length from three animals were removed and stretched over a silicone tube which was perforated at regular intervals to allow oxgenation of the intestinal mucosa as described by PORTBURY et al. (1995b) . NPY-immunoreactive cell bodies were counted in every ganglion to provide unbiased counts that can be compared with counts of other cell types.
Immunohistochemistry
Indirect immunohistochemical techniques were used for single, double and triple labeling of wholemounts and for double labeling of cryostat sections. The details of all primary antibodies are listed in Table 1 . Prior to incubation with primary antibodies, tissue was immersed in 10% blocking serum, of the same species in which the secondary antisera had been raised, with 1% Triton X100 for 1h.
Single labeling: Segments of ileum from operations and control tissue were incubated with the rabbit antiserum against NPY for 48h at room temperature. The tissue was washed in PBS and incubated with biotinylated goat anti-rabbit antibody (see Table 2 ) for 2h followed by avidin-horseradish peroxidase (HRP) using an ABC kit (Vector Lab) for 2h. The HRP reaction was revealed by immersion of the preparation in a mixture of 5mg/ml diaminobenzidine (DAB) and H202 (0.01%).
Double and triple labeling: Preparations were incubated with pairs of diluted antibodies against the following antigens: BN plus NPY, NPY plus 5-HT, NPY plus SOM, NPY plus NOS, NPY plus calretinin, BN plus calretinin and BN plus NOS for 24 or 48h at room temperature (Table 1 ). The tissue was washed in PBS (3 x 10min) and incubated in secondary antibody for one antigen linked with biotin for 2h (see Table 2 ). Then the tissue was incubated with a mixture of fluorescein isothiocyanate (FITC) coupled to sheep anti-rabbit IgG and streptavidinTexas Red conjugate or a mixture of Texas Red coupled to donkey anti-rabbit IgG and streptavidin-FITC conjugate for 90min. Samples of tissue that had been loaded with 5-HT were also incubated with a mixture of anti-TH and anti-5-HT antibodies to examine possible uptake of 5-HT by noradrenergic terminals. No colocalization was found between 5-HT and TH in the varicosities, indicating that 5-HT was not taken up into the noradrenergic terminals. A mixture of antibodies against NPY (raised in sheep), NOS (raised in rabbit) and BN (raised in mouse) (Table 1) was used for triple labeling of the neurons in the myenteric plexus. Colchicine treated tissues from three different animals were incubated with the mixture of primary antisera for 48h at room temperature.
The tissues were washed in PBS and incubated with biotinylated donkey anti-sheep IgG for 2h followed by a mixture of Texas Red coupled to donkey anti-rabbit IgG, streptavidin-FITC conjugate and AMCA (7-amino-4-methyl coumarin-3-acetic acid) coupled to horse anti-mouse IgG for 90min (Table 2) .
Controls for double and triple labeling were done by omission of one or more primary antibody. These controls revealed no inappropriate binding of secondary detection systems. Fluorescence was examined on a Zeiss Axioplan or Axioscope microscope using appropriate discriminating filters and dichroic mirror systems.
Counting nerve fibers in the myenteric plexus and the circular muscle Nerve fibers in the ganglia: Three wholemount preparations from myotomy operations at 6 days were used to count NPY-immunoreactive nerve fibers in the myenteric ganglia. Another 6 wholemount preparations from myotomy operations at 6 days were used to count nerve fibers which were double labeled with antibodies to the following pairs of antigens: BN plus NOS, NPY plus NOS and BN plus NOS. Relative numbers of nerve fibers in all planes of focus were counted by intercept with a bar in the eye-piece, approximately 10um long in the field of view of a 100 x objective lens. For each ganglion, the bar was placed at two positions separated in the long axis of the bar. Six control ganglia were selected from the oral side of the operation, approximately 5mm from the oral cut. Data in each row were collected from three ganglia on the anal side of each preparation, in which ganglia located on both edges and in the middle of the preparations were chosen. Data of the projection of NPY-immunoreactive neurons were collected from every second row of ganglia from the first to the 21st. Data on double labeled fibers were collected from every 4th row on the anal side of myotomy.
Nerve fibers in the circular muscle: Cryostat sections through myotomy operations were cut in the longitudinal axis so that the circular muscle and nerve fibers that run parallel to the muscle were cut transversely. All the nerve fibers that were immunoreactive for the combinations of antibodies described above were counted in a sampling area which was the whole depth of the circular muscle and 100um in width. Areas were sampled every 1mm from the anal cut of the myotomy. Control data were collected from three areas in each section which were at least 3 mm oral to the myotomy.
RESULTS
Morphology and distribution of nerve cells and fibers with NPY immunoreactivity
The distribution of NPY immunoreactivity in the guineapig myenteric plexus, which is summarized below, conformed to the original description (FURNESS et al., 1983) . NPY-immunoreactive fibers formed a loose plexus in the myenteric ganglia, amongst which were some dense pericellular baskets (Fig. 1A, C) . A few NPY fibers were in the tertiary component of the myenteric plexus (Fig. 1B) ; these were relatively rare and distributed unevenly, compared, for example, to substance P fibers which are very numerous in the tertiary plexus (LLEWELLYN-SMITH et al., 1993) . Numerous NPY-immunoreactive fibers ran in the circular muscle, parallel to the muscle bundles. These fibers were concentrated at the level of the deep muscular plexus, but they were seen through the full thickness (Fig. 1F) .
A small proportion of nerve cells in myenteric ganglia of normal tissue were strongly reactive for NPY (Fig. 1E) . These are NPY-immunoreactive cholinergic secretomotor neurons that have been shown to project to the mucosa (FURNESS et al., 1985) . They were not re-investigated in the present work. However, many more cells with NPY immunoreactivity were seen following treatment of the tissue with colchicine. They had Dogiel type I morphology (Fig.  1D) , that is, they were oval cells with club-like lamella) dendrites (DOGIEL, 1899; FURNESS et al., 1988) .
NPY-immunoreactive nerve cell bodies were counted in preparations of colchicine treated tissue from three animals. The nerve cells were distributed in a skewed, but unimodal, manner amongst ganglia (Fig. 2) . Overall, there was an average of 13.0 ± 10.1 (mean+SD) cells per ganglion, with little verration between animals (Table 3) established (FURNESS et al., 1990) . NPY-immunoreactive secretomotor neurons whose population per ganglion have been established as 0.5% (PORTBURY et al., 1995b) , are included in these counts. Thus the population of NPY-immunoreactive interneurons and motor neurons together was about 12%.
Colocalization of immunoreactivities in nerve cell bodies
Cell bodies immunoreactive for NPY, NOS and BN were examined using triple labeling immunohistochemistry in colchicine treated tissue (Fig. 3A, B (Fig. 3 H-L) . Two different animals were used and 100 random varicosities, excluding pericellular baskets (see below), present in the myenteric plexus from each animal were counted for each combination. Neither SOM nor 5-HT were colocalized with NPY in any varicosities (Fig. 3 K, L) . Of 100 NPYreactive varicosities not in dense pericellular baskets, 15% were BN-reactive and of a further 100 NPYreactive varicosities, 53% were NOS-reactive. 97% were also NOS-reactive, and of 689 NOS varicosities, 44% were also NPY-reactive. Of 596 NOSreactive varicosities, 89% were BN-reactive and of 549 BN-reactive varicosities, 96% were NOS-reactive. Proportional overlaps of immunoreactivities calculated from these data are presented in Figure 4A .
Colocalization in nerve fibers in the circular muscle Longitudinal and transverse sections from two animals were used to count nerve fibers in the circular muscle which were double labeled for three combinations of antigens: NPY plus BN, NPY plus NOS and NOS plus BN. In each case, 200 nerve fibers were examined. With NPY and BN double labeling, 12% of NPY-immunoreactive nerve fibers were also BNimmunoreactive, and 29% of BN-reactive nerve fibers were also NPY-reactive. With NPY and NOS double labeling, 98% of NPY-reactive nerve fibers were also NOS-reactive, and 59% of NOS-reactive nerve fibers were also NPY-reactive. With NOS and BN double labeling, 82% of NOS nerve fibers were also BN-reactive, and 89% of BN nerve fibers were also NOS-reactive (Fig. 3C, D) . From these figures it can be deduced that each of the combinations NOS/ NPY, BN/NOS and BN/NOS/NPY exists ( Fig 4B) .
Colocalization in nerve fibers in the tertiary plexus
Nerve fibers in preparations labeled for NPY plus BN, NPY plus NOS and NOS plus BN were counted in groups of 200 in the tertiary plexus at random from two different animals ( Fig. 3E-G) . NPY-reactive and NOS-reactive nerve fibers were relatively rare and occurred singly in the tertiary plexus (Figs.  1, 3E, F) . However, BN-immunoreactive nerve fibers in the tertiary plexus were in small bundles of a few nerve fibers (Fig. 3E, G) . With NPY and BN double labeling, 16% of NPY-immunoreactive nerve fibers were also BN-reactive, and 2% of BN-reactive nerve fibers were also NPY-reactive. With NPY and NOS double labeling, 64% of NPY-reactive nerve fibers were also NOS-reactive, and 48% of NOS-reactive nerve fibers were also NPY-reactive. With NOS and BN double labeling, 15% of NOS-reactive nerve fibers were also BN-reactive, and 3% of BN-reactive nerve fibers were also NOS-reactive
Consequences of operations
In wholemounts of tissue taken 3 and 6 days after myotomy operations, accumulation of NPY immunoreactivity occurred in cut nerve fibers on the oral side of the lesion (Fig. 5) . At the oral cut edge of myotomy operations at 6 days and myectomy operations at 12 days, a large number of NPY-immunoreactive growth cones were directed towards the anal side. At the cut edge anal to the lesions, very few severed nerve fibers with accumulation of NPY immunoreactivity were seen. A small number of nerve cells with weak NPY immunoreactivity and some strongly immunoreactive secretomotor neurons were found in the first few rows of myenteric ganglia anal to the lesions. 
Interneurons
The density of NPY-immunoreactive fibers in the myenteric ganglia was not reduced on the oral side, but there were fewer NPY fibers in ganglia anal to the operations. Few fibers were seen in ganglia at 0.5 mm and the density returned to normal in ganglia about 5mm anal to myotomy operations, suggesting that these fibers have average lengths of 2-3mm (Figs. 5, 6 ). In order to identify the length of projection in the myenteric plexus of each subgroup of inteneurons, antibodies to three combinations of antigens, NPY plus BN, NPY plus NOS and NOS plus BN, were used for double labeling in 6 myotomy preparations, and nerve fibers were counted in the ganglia of every fourth row. With NPY plus BN double labeling, NPY/-fibers returned to normal numbers at about the thirteenth row of ganglia (5-6 mm in stretched tissue). NPY/BN showed a plateau at the ninth row (3-4mm). BN/-fibers returned to normal density at about 20mm anal. With NPY plus NOS double labeling, NPY/-fibers returned to normal at the ninth row (3-4mm). NPY/NOS fibers returned to normal at the thirteenth row (5-6mm). With NOS plus BN double labeling, NOS/-fibers returned to normal at the fifth row (2-3mm). NOS/ BN fibers returned to normal at the ninth row (3-4 mm). Overall, the observations indicate that all fiber types that were identified in these experiments had similar and overlapping lengths; they all returned to normal density 2-6mm anal to lesions.
Circular muscle motor neurons
To determine the distance that each subgroup of neurons projected anally to supply the circular muscle, antibodies to three combinations of antigens, NPY plus BN, NPY plus NOS and NOS plus BN, were used for double labeling. Nerve fibers in the circular muscle were counted in three myotomy preparations for each combination of antibodies (Fig. 7) . With NPY plus BN double labeling, NPY/-fibers returned to normal at 3mm. BN/-fibers returned to normal at 12 mm and BN/NPY fibers returned to normal at 10 mm. With NPY plus NOS double labeling, very rare NPY/-fibers were found. NOS/-fibers returned to normal at 1mm and NPY/NOS fibers returned to normal at 5mm. With NOS plus BN double labeling, NOS/-fibers returned to normal at 2mm. BN/-fibers were rare and the numbers were constant throughout the preparations.
The numbers of BN/NOS fibers reached a plateau of normal density at 8-10mm. A. After myotomy, the deficit in NOS/ NPY-immunoreactive fibers in the circular muscle extended for 3-4mm, whereas the deficit in BN/NOS-immunoreactive fibers extended for about 6-8mm. Control data for NOS/NPY is given by the point at 12 mm (asterisk). B. In preparations labeled for BN and NPY immunoreactivity, the fibers with only NPY immunoreactivity, which can be deduced to be mostly NOS/NPY, returned to normal density at about 3-4mm, whereas both BN/NOS/NPY immunoreactive fibers and fibers with BN/NOS immunoreactivity returned to normal density at about 10-12mm. The axons of NPY-immunoreactive nerve cells in the myenteric plexus all projected anally, and some of these axons supplied terminals to myenteric ganglia. Thus a population of anally directed interneurons has NPY immunoreactivity.
In the guinea-pig, interneurons with anally directed processes fall into three groups, one of which can be subdivided (CosTA et al., 1992) . These are ChAT/SOM neurons, ChAT/5-HT neurons and two, or more, groups of neurons with immunoreactivity for NOS. The present work provides two pieces of evidence that ChAT/SOM-immunoreactive interneurons are not NPY-immunoreactive. First, NPY and SOM immunoreactivities were in separate nerve fibers in the myenteric ganglia. Second, cell bodies with NPY immunoreactivity had Dogiel type I morphology, or, less commonly, were intensely reactive secretomotor neurons; they were never large filamentous cells, which is a distinguishing feature of ChAT/SOM interneurons (PORTBURY et al., 1995b) . Furthermore, colocalization studies showed that NPY immunoreactivity did not occur in the ChAT/5-HT neurons. The implication of these results, that NPY neurons are NOS-immunoreactive, was confirmed by double labeling; 98% of NPY-reactive cells were reactive for NOS and, conversely, 83 of NOS-reactive neurons were NPY-reactive (Table  4 ). The small group of neurons with NPY immunoreactivity that were of Dogiel type I morphology but not NOS-immunoreactive cannot be assigned to any known group. They represent only 0.3% myenteric nerve cells. The close association of NPY and NOS immunoreactivities was also seen in varicosities that formed dense pericellular baskets, in which 97% of NPY-immunoreactive varicosities were NOS-reactive. In common with the cell bodies, some of the varicosities with NOS reactivity did not have NPY reactivity. Thus NPY immunoreactivity is in a subpopulation of NOS-containing descending intermeurons, but not in ChAT/SOM or ChAT/5-HT interneurons.
Many of the neurons within the populations of NOS/NPY and NOS-immunoreactive interneurons also have BN immunoreactivity.
Triple staining showed that 30% of NPY-immunoreactive, Dogiel type I cell bodies were BN/NOS/NPY-reactive and double labeling indecated that>80% of NPY-reactive terminals in dense pericellular baskets were also BN and NOS-reactive. Thus it is feasible that BN, NO and NPY are cotransmitters of some descending interneurons.
NPY immunoreactivity
in circular muscle motor neurons Two functional types of motor neuron supply the circular muscle, cholinergic excitatory neurons that are immunoreactive for tachykinins, including substance P, and inhibitory neurons that are immunoreactive for NOS, VIP and other peptides, including BN, ENK, DYN, NPY and PACAP in various combinations (COSTA et al., 1992; FURNESS et al., 1992; PORTBURY et al., 1995a) . The axons of the excitatory neurons provide a local and oral innervation of the muscle (SMITH et al., 1988; BROOKES and COSTA, 1990) , whereas the axons of the inhibitory neurons supply a local and anal innervation (BORNSTEIN et al., 1986; BROOKES and COSTA, 1990) . Both their anal projection and the fact that 98% of NPY-reactive fibers in the circular muscle were NOS-reactive indicate that NPY is in inhibitory motor neurons, as previously deduced (FURNESS et al., 1992) . Fibers with BN immunoreactivity have long anal projections to the circular muscle and it had been previously suggested that BN/NOS fibers come from long inhibitory neurons and NPY/NOS fibers arise from short neurons (FURNESS et al., 1992) . However, in the present work it was found that 12% of NPY-reactive fibers were BN-reactive. Because 98% of NPY-immunoreactive fibers in the circular muscle had NOS immunoreactivity, this means that there is a population of inhibitory fibers that is NOS/NPY/BN. The results confirm that there are long NOS/BN and short NOS/NPY populations. Those fibers with only NOS immunoreactivity are from neurons with very short anal projections.
NPY immunoreactivity in longitudinal muscle motor neurons
The majority of the neurons that innervate the longitudinal muscle are cholinergic excitatory neurons, with immunoreactivity for calretinin (BROOKES et al., 1991 (BROOKES et al., , 1992 . However, NPY and BN immunoreactivities were not colocalized with calretinin immunoreactivity in any myenteric neurons. Thus NPY and BN immunoreactivities are in a minor group of longitudinal motor neurons, of unknown function.
